Abstract. The LAT Instrument Science Operations Center (ISOC) will perform various tasks to support coordination of multiwavelength observations for transient sources. In this paper, we describe the prototype implementation of the Automated Science Processing (ASP) for the detection and analysis of gamma-ray bursts (GRBs) in LAT and GBM data. The GRB-related tasks include: position refinement using LAT data given initial GBM or GCN locations, spectral analysis using LAT data alone, joint spectral fitting with GBM data, gamma-ray afterglow detection and characterization, and blind searches for prompt burst emission in LAT data.
IMPLEMENTATION OVERVIEW
These analyses will be performed on the ground as part of the Level-2 processing in the ISOC data pipeline. Since the event and spacecraft data will have been converted to FITS format in the Level-1 processing, we may use LAT ScienceTools and HEASARC FTOOLs to perform the bulk of the ASP analyses, with Python scripts driving the various ScienceTool and FTOOL applications.
In addition to the standard suite of LAT analysis software, some custom analysis tools are required. In order to determine the start and stop times for the prompt GRB emission in the LAT data, we apply the Bayesian Blocks algorithm [1] to the LAT event arrival times. This algorithm has been implemented in C++ and exposed to Python using SWIG [6] . For the GRB blind search task, we apply a version of the algorithm that has been developed for the on-board GRB detection in the LAT flight software. We will describe the ASP version of this algorithm in the final section of this paper. As with all of the ISOC processing, from Level-0 through Level-2, the ASP analysis task execution will be managed by the ISOC Pipeline-II. adopted as the burst start and stop times in the LAT data. The data are then re-extracted for this subinterval and fed to a program that performs the position refinement.
In the source position refinement, a point source modeled with a power-law photon spectrum is posited at each candidate source location, and the algorithm minimizes the negative log-likelihood of that point source over the sky coordinates to find the optimal source location. At each candidate position, the photon index and flux are fit using the energy-dependent point spread function (PSF) and instrument effective area in the likelihood analysis. Since the extraction interval will typically be tens of seconds, in this and all subsequent prompt burst analyses, we ignore any diffuse emission from Galactic or extragalactic sources as well as charged particle backgrounds. These latter sources of background will be significantly curtailed by the on-board filter and by the groundprocessing cuts that are designed to reduce the residual charged particle background to be an order-of-magnitude smaller than the extragalactic diffuse emission measured by the EGRET instrument [5] . These ground-processing cuts distinguish the ASP analysis from an on-board analysis since the residual backgrounds will be much larger for the on-board data. Figure 1 shows the results of the GRB refinement task applied to a simulated burst in GLAST DC2 data.
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The leftmost figure is a counts map of the LAT events that were associated with the simulated burst. The black cross and circle show the GBM location estimate and error circle, and the red cross shows the best fit position from the ASP position refinement analysis. The center plot shows the counts light curve for this burst, and the yellow region indicates the burst duration found from the Bayesian Blocks analysis. The rightmost plot shows the best fit position and error contours calculated from the LAT data. 
SPECTRAL ANALYSIS
Once the prompt burst duration and position have been ascertained via the preceding analysis, the data are again re-extracted using the Bayesian Blocks start and stop times and within a 15 degree acceptance cone centered on the best-fit source position. The size of the acceptance cone is nominal here and may change as the analysis is refined with further testing. A standard unbinned likelihood analysis is then applied to these data to determine the best fit spectral parameters. Figure 2 shows the results of fitting a power-law spectrum to the LAT data for this burst. The best fit flux for this burst is 6.3(±1.1) × 10 −3 photons cm −2 s −1 over the energy range 20 to 2 × 10 5 MeV, and the best-fit photon index is Γ = −2.0 ± 0.1.
When GBM data are available, joint fits will be performed using Xspec [7] . The broader combined spectral range afforded by the GBM and LAT, from 8 keV to 200 GeV, will allow more complex spectral models, such as the Band function, to be fit.
GAMMA-RAY AFTERGLOW ANALYSIS
The afterglow analysis proceeds in a manner similar to standard LAT point source analyses. The time scales for the afterglow analysis are sufficiently long that diffuse emission from the Galactic and extragalactic components must be included in the analysis. In addition, it will likely be necessary to account for the residual charged particle background; and if any strong point sources are nearby, e.g., the Vela pulsar, those sources must also be modeled.
A 15 degree acceptance cone centered on the best fit position from prompt burst analysis is used for the spatial event selection, and an interval starting at the end of the prompt burst duration and ending 5 hours later is used for the temporal extraction. Note that this time duration and acceptance cone size for the afterglow data are nominal and will be adjusted as our knowledge of any gamma-ray afterglow component grows. It will also be necessary to perform this analysis on a number of different time scales and intervals in order to characterize any spectral variability in the afterglow emission.
In figure 3 , we show the results of a spectral analysis of the afterglow emission for our simulated burst.
BLIND SEARCHES IN LAT DATA
A blind search algorithm for GRB emission will be applied to all Level-1 data in the ISOC processing, and specifically, it will be applied to data obtained from each satellite downlink, spanning roughly 3 hours. There will be some buffering of the data from previous neighboring downlink to capture bursts that may straddle the downlink boundaries. Furthermore, this analysis will be in addition to GBM/GCN triggered analyses and any on-board detection scheme. As noted, the blind search algorithm that is used is based on the on-board algorithm [2] , but the particle background rates for the on-board analysis will be substantially higher.
The ASP algorithm begins by partitioning the data into consecutive, non-overlapping groups of typically 20 to 100 events. The size of the data segments will be adjusted based on our growing knowledge of GRB prompt emission in the LAT band. However, 20 will likely be the minimum to ensure statistical significance for a detection associated within a given data segment. For each data segment, the log-likelihood that a burst is present is evaluated and is based on the spatial and temporal properties of the events.
To assess the likelihood of clustering in time, we compute the log-likelihood under the null hypothesis, i.e., that the event rate is constant in time:
Here the t i s are the event arrival times. The quantity r bg is the mean event rate over an appropriate time interval; for the ASP, we use the event rate averaged over the current downlink.
For the spatial part, we consider two methods for computing the contribution to the log-likelihood. The first follows the implementation used in the on-board version. In this method, a cluster finding algorithm is applied to the events in a given data segment. Each measured photon direction is initially treated as a candidate burst direction, and the number of events lying within an acceptance cone radius of 17 • about that direction is used as a measure of the clustering.
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The mean direction for events in the largest such cluster is computed, and the log-likelihood under the null hypothesis (no clustering) is evaluated using
wheren is the candidate source position andn i are the measured directions for events in that cluster. The second method uses the energy-dependent LAT PSF to evaluate the log-likelihood that there is in fact a point source at a candidate location:
where P(. . .) is the PSF from the LAT instrument response functions, E i is the measured energy of the photon, and θ j is the angle between the candidate source direction and the LAT z-axis. For this method, we simply use each photon direction,n j , as the candidate photon direction and form the sum over all other directionsn i in the data segment. Note that since we are considering the alternative hypothesis that there is a point source, we take the negative maximum log-likelihood. For either method, the total log-likelihood is then log L = log L t + log L p (4) Table 1 lists the GRB-like transients that were included in the DC2 simulations and that had > 5 events detected in the LAT. All but three of these transients are GRBs that triggered in the GBM. The other three comprise a "primordial black hole" (PBH) that produced photons only in the LAT energy range, an X-class Solar Flare that was comparable to the 1991 June 11 event detected by EGRET [4] , and a GRB that did not trigger the GBM. Also listed in the table are the −log-likelihood values 
